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Pancreatic beta cell proliferation is high at birth and then rapidly declines. In this issue ofDevelopmental Cell,
Stolovich-Rain et al. (2015) show that b cells’ capacity to increase proliferation in response to injury is unex-
pectedly not acquired until after weaning-related nutritional changes trigger a metabolic and regenerative
competence program.Although some tissues retain a robust
capacity to regenerate throughout life, in
many organs this capacity wanes with
time and sometimes entirely disappears
in adults. Notable examples include the
mouse heart, which can transiently regen-
erate during the neonatal period, or hu-
man fingertips, which can regrow during
young ages (Poss, 2010). In broad terms,
pancreatic insulin-producing b cells also
fall within this category: at very young
ages b cells proliferate to sustain a physi-
ological cellular expansion, and they can
also mount a regenerative response to
cellular damage (Kushner, 2013; Tschen
et al., 2009; Wang et al., 2015). Lineage
tracing experiments have shown that
self-renewing b cells are the major source
of new b cells during postnatal physiolog-
ical growth and regeneration, although
other sources have been shown in spe-
cific regenerative settings (Wang et al.,
2015; Ziv et al., 2013). As mice and hu-
mans age, however, there is a rapid
decline in b cell proliferation and regener-
ative capacity. This has been linked to the
induction of p16, caused by loss of Poly-
comb-dependent transcriptional repres-
sion of the gene encoding this cell-cycle
inhibitor (Chen et al., 2009; Tschen et al.,
2009). In fact, the proliferative rate and
regenerative capacity of adult human b
cells is truly modest, although probably
not insignificant. Of note, obese adult hu-
mans have a higher demand for insulin
that is paralleled by a higher number of
b cells, which points to a capacity to
adapt cellular mass over long timeframes
(Saisho et al., 2013). Studies in mouse
models have shown that b cells can trigger
compensatory proliferation after induction
of b cell-specific ablation and hypergly-
cemia (Nir et al., 2007). Interestingly, thisdynamic proliferative response is medi-
ated by signals derived from increased
b cell aerobic glucose metabolism, the
same process that promotes other
glucose-dependent responses such as
insulin secretion (Porat et al., 2011). A
detailed understanding of these mecha-
nisms can provide vital clues to develop
novel therapies for correcting b cell defi-
ciency in type 1 and type 2 diabetes.
Given the general tendency of b cell
regenerative capacity to decline with age,
one might infer that stimulus-induced
regeneration is innate. In this issue of
Developmental Cell, Stolovich-Rain and
colleagues (2015) show that despite the
fact that neonatal b cells have a high basal
proliferative rate, they are paradoxically
unable to increase cell-cycle activity in
response to cellular ablation. The capacity
to mount a regenerative response is only
gained during a maturation step that
takes place when mice are weaned. This
transition is associated with increased
expression of numerous early cell-cycle
genes, which potentially contribute to
the acquisition of competence for signal-
responsive proliferation. The maturation
step is further linked to increased expres-
sion of genes that regulate b cell glucose
metabolism, including Pdk1 and mito-
chondrial electron transport chain genes,
as well as increased glucose-dependent
changes in b cell oxidative metabolism
and enhanced effects of pharmacologic
glycolytic activators on insulin secretion
and cell proliferation. In short, weaning
allows b cells to activate a new transcrip-
tional program and to acquire a capacity
for glucose-responsive insulin secretion
and regeneration.
Using an elegant series of experiments
in which the mice were prematurelyDevelopmental Cellweaned on different diets, Stolovich-
Rain and colleagues (2015) show that
this remarkable metabolic switch is
triggered by nutritional cues. The data
showed that it is the change from intake
of fatty-acid-richmaternal milk to a carbo-
hydrate-rich diet that enables glucose-
induced responsiveness. Changes in die-
tary nutrients therefore determine that b
cells acquire full competence for dynamic
regulation of secretion and regeneration.
The observations described by Stolo-
vich-Rain et al. (2015) therefore make a
fundamental distinction between basal
growth, a property of newborn b cells,
and a stimulus-induced cell-growth pro-
gram that is acquired later, in a previously
unrecognized maturation step. The mo-
lecular mechanisms whereby nutrients
control this maturation program remain
elusive, but they are logical targets that
could be harnessed to stimulate b cell
regeneration for the treatment of diabetes.
Equally interesting is the suggestion that
dietary variationmight influence regenera-
tive capacities. The nutritional content of
mouse and human milk is different, and
developmental stages of different species
do not necessarily occur during similar
embryonic versus postanatal periods. It
is therefore important to clarify whether
such amaturation step occurs at any point
of embryonic or postnatal development in
humans. If this were the case, it could
mean that maternal diet, or different infant
feeding and weaning practices, could
affect the timing and intensity of thematu-
ration switch and thereby influence b cell
mass. Given that fatty acids affect b cell
compensation to insulin resistance, it is
also pertinent to ask whether equivalents
of maternal milk nutrients that are present
in modern diets might affect b cell32, March 9, 2015 ª2015 Elsevier Inc. 531
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Previewsregeneration mechanisms in adults. The
connection between dietary nutrients
and regeneration competence thus opens
exciting avenues for future research.
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Studying how cells produce and transmit forces that drive morphogenesis is critical to understanding
organismal development. A new paper by Monier et al. (2015) identifies an apicobasal actomyosin cable
that characterizes apoptotic cells and contributes force(s) for cell sheet bending.The cellular andmolecular mechanisms of
morphogenesis remain key extant ques-
tions in developmental biology. Insight
into how cells produce, transmit, or other-
wise respond to forces that drive the
cellular shape changes that establish the
organization of cells, tissues, and organs
is essential for understanding develop-
ment (Davidson, 2011).
A new contribution by Monier and col-
leagues (2015) uses leg morphogenesis
during pupal development in Drosophila
to investigate how apoptosis contributes
forces for epithelial sheet folding. Each
leg is born as an imaginal disk. During
larval stages, disc cells proliferate and
each disc morphs into a capped cylindri-
cal structure that, during pupal stages,
takes on its final adult form. The legs are
segmented, and the joints between seg-
ments are characterized by specialized
regions of cuticle that are secreted
by cells that reside in the folds that
prefigure the position of the joints. Monier
et al. have focused on the fold responsible
for the t4-t5 joint (between tarsal seg-
ments 4 and 5), which forms during pupal
stages.Apoptosis plays an important role in
morphogenesis (Meier et al., 2000). Previ-
ous work from Toyama et al. (2008)
demonstrated that apoptosis provides
key functions during Drosophila dorsal
closure: in addition to removing unwanted
cells, it provides an ‘‘apoptotic force’’ in
the amnioserosa that helps drive closure.
The absence of apoptosis slows closure,
whereas increases in apoptosis speed
closure. Laser cutting experiments indi-
cate that approximately one-third of
forces produced in the amnioserosa are
attributable to apoptosis. Subsequent
studies (Muliyil et al., 2011) indicate that
rates of closure can be uncoupled from
apoptosis but do not rule out a role for an
apoptotic force that contributes toclosure.
More recently, theSuzanne group showed
that apoptosis is necessary for proper
leg segmentation (Manjo´n et al., 2007).
Here, the Suzanne group combines
experimental observation with in silico
modeling to provide new evidence for
apoptotic force(s). They correlate the po-
sition, progression, and depth of the
epithelial folds that generate the t4-t5 joint
with apoptosis: apoptosis begins on theventral side of the leg (where the rate of
apoptosis, measured as the number of
cells that complete apoptosis per unit
time, is highest) and proceeds dorsally
(where the fold invaginates last). Using a
FRET-based apoptosis biosensor, they
also confirm that the dying cells exhibit
key hallmarks of apoptosis: cells shrink,
bleb, fragment, and express caspases.
Of key functional importance, they also
demonstrate that inhibiting apoptosis,
either genetically or pharmacologically,
inhibits fold formation.
Interestingly, they document two key
structures in the dying cells: an apical
‘‘adhesion peak’’ comprised of aggre-
gated junctional proteins, and a tran-
siently formed, apicobasal cable of acto-
myosin that extends from the adhesion
peak basally (Figure 1). Morphological
folds initiate at apoptotic cells that have
both the adhesion peak and the apico-
basal, actomyosin-rich cable. Ectopic in-
duction of apoptosis in wing tissue also
results in an apicobasal myosin cable
and ectopic folds. Such folds depend on
myosin: when a dominant-negative (DN)
form of myosin (Franke et al., 2010) is
